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(54) Detachable magnet carrier for permanent magnet motor 

(57) A magnet carrier assembly for holding and car- 
rying a high-energy-product permanent magnet is 
arranged for releasable attachment to a rotor of an axial 
disc or drum type rotor in an electric machine. The per- 
manent magnet placed in a container which then 
receives a cover. The magnet carrier assembly includes 
a mounting flange at one end and a locating and mount- 
ing tab at an opposite end for attaching the assembly to 
the rotor. In certain applications, the rota has recesses 
which have a size and shape complementary to the size 
and shape of the magnet carrier assembly. The 
recesses are circumaxially located around the radial 
periphery of the rotor at the poles of the rotor. In other 
embodiments, the magnet carrier assembly includes a 
key which is received in a mating groove in a rotor sur- 
face and is used to transfer to the rotor the electromag- 
netic shear force developed by the high-energy-product 
permanent magnet. The present magnet carrier assem- 
bly can be used with both axial field disc or radial field 
drum rotors. The present invention also contemplates a 
method and apparatus for removing and installing mag- 
net carrier assemblies in electric machines. 
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Description 

The present invention relates generally to high 
horsepower electric machines and deals more specifi- 
cally with a magnet carrier assembly particularly suited s 
for holding and carrying a high-energy-product perma- 
nent magnet. The magnet carrier assembly is releasa- 
bfy attached to a rotor in the high horsepower electric 
machine. 

The advent of high-energy-product permanent 
magnets now makes possible the design and construc- 
tion of previously unattainable high horsepower, high- 
performance electric machines. Construction of these 
high-performance electric machines presents an unu- 
sual set pf, design problems arid considerations that 
must be overcome to make these high-performance 
electric machines practical from both a manufacturing 
and labor standpoint and an economic standpoint 

The material of these high-energy-product perma- 
nent magnets is extremely brittle and therefore easily 
susceptible to damage and breakage during handling 
and assembly of the electric machine. The brittle nature 
of the magnetic material generally precludes alteration 
or modification. Consequently, it is for all practical pur- 
poses impossible to drill through the material to attach 
screws or other mounting aids without damaging or 
breaking the magnet. Therefore, mounting and attach- 
ment methods are limited. 

Furthermore, the high attractive force developed 
between the high-energy-product permanent magnet 
and the ferromagnetic materials in an electric machine 
make it extremely difficult and oftentimes dangerous for 
personnel to assemble the electric machine. The instal- 
lation of a high-energy-product permanent magnet into 
the magnetic structure of an electric motor is at best a 
difficult process. The magnetic attractive forces of the 
high-energy-product permanent magnet are many 
times the weight of the magnet and exhibit a negative 
slope force gradient over distance characteristic. That 
is, the consequence of an increment of travel in he 
direction of the force is a still greater force. As a general 
rule, a human does not possess the muscle strength or 
the reaction time to deal with unpredictable and forceful 
movements of the magnets during handling. As a result, 
manual installation of a high-energy-product permanent 
magnet is often unsuccessful with the high-energy- 
product permanent magnet frequently following an unin- 
tended path often impacting the ferromagnetic part to 
which it is attracted wherein the force of the impact often 
chips or breaks the brittle magnetic material. 

Additionally, and more importantly, a person caught 
in the travel path of a relatively large high-energy-prod- 
uct permanent magnet having uncontrolled movement 
is likely to be injured due to the high magnetic forces 
developed between the magnet and the ferromagnetic 55 
object to which it is attracted. A large magnet is consid- 
ered to be one which is generally larger than the size of 
a quarter but smaller than the weight that can be safely 
lifted by a human in the absence of ferromagnetic mate- 



rial. 

The above problems in handling a high-energy- 
product permanent magnet apply not nly to the assem- 
bly of a permanent magnet into a structure used in an 
electric machine, but also to the assembly of the com- 
pleted rotor structure into the electric machine. Elabo- 
rate tools have been devised to handle the high-energy- 
product permanent magnets from the time of unpacking 
to the time that a completed structure, for example a 
permanent magnet rotor assembly, is installed in the 
electric machine. Although acceptable results are 
attainable using the elaborate tooling for handling a 
high-energy-product permanent magnet, the associ- 
ated expense and effort is not cost effective for the 
result obtained. . . , „ ^ _ 

Permanent magnets are subject to both reversible 
and irreversible demagnetization. The reversible com- 
ponent of demagnetization increases with increasing 
temperature, but the magnetization is naturally recov- 
ered when the magnet is returned to its normal operat- 
ing temperature. If the magnet is heated above its Curie 
temperature, however, a portion of Its magnetization is 
lost and is not recovered upon cooling to normal operat- 
ing temperature. 

In order to prevent both reversible and the irreversi- 
ble demagnetization, the magnet heat input, heat 
capacity, and heat removal are designed into the 
machine by various means. The heat generated har- 
monic, subharmonic, and asynchronous magnetically 
induced electrical eddy currents is limited by electrical 
subdivision of the magnets and/or by providing eddy 
current shields to exclude a significant portion of the 
varying magnetic fields. Irreversible demagnetization is 
prevented by providing adequate cooling to prevent the 
magnets from reaching the Curie temperature. 

In high speed machines, the deliverable power 
depends directly on the rotor mechanical stress state at 
the maximum speed. In order to minimize the rotor 
stress, it is necessary to minimize rotor stress concen- 
trations. The present invention directed towards magnet 
retention for high speed drum machines eliminates all 
significant rotor stress concentration associated with 
attachment of the magnets to the rotor. Elimination of 
holes in the drum rim results directly in an approxi- 
mately 70% improvement achievable power density for 
any chosen rotor material in high speed machines 
which are rotor stress limited. 

ft is desirable therefore to overcome generally the 
above described problems by providing apparatus for 
facilitating the handling and assembly of high-energy- 
product permanent magnets into an electric machine. 

SUMMARY OF THE INVENTION 

An object of the invention is therefore to provide a 
magnet carrier assembly for holding and carrying a 
high-energy-product permanent magnet. 

A further object of the present invention to provide 
a magnet carrier assembly which may be releasably 
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attached to the rotor of an electric machine so that an 
individual hioh-energy-product permanent magnet may 
be easily installed or removed for repair or replacement 
and reattached. 

It is a further objectof the present invention to pro- 
vide a magnet carrier assembly which can be used in 
axial gap magnetic field (disc-rotor) or substantially 
radial field (drum-rotor) types of electrical machines. 

Still another object of the invention to assist in 
maintenance of the temperature of the permanent mag- 
nets below the temperature which causes a significant 
permanent loss of their magnetic energy product. 

It is a further object of the invention to maintain the 
position of the magnets relative to the rotor. 

Yet another object of the invention to prevent frac- 
ture of the magnets due to operational or environmental 
forces. 

It is a further object of the invention to minimize sig- 
nificant rotor stress concentrations for high speed cup 
or drum rotor machines. 

In accordance with the present invention, a magnet 
carrier assembly for holding and carrying a high-energy- 
product permanent magnet for releasabie attachment to 
a rotor in an axial field disc or radial field drum electric 
machine is presented. In one aspect of the invention, 
the magnet carrier assembly is sized and shaped to fit 
recesses formed in the radial plane of an axial field disc- 
rotor. The magnet carrier assembly includes a wedge or 
trapezoidal shaped container having a base and four 
side wails extending generally upwardly from the base 
during magnet assembly. A top cover is added, creating 
an enclosed volume containing the magnet. The mag- 
net carrier assembly has features which allow its posi- 
tion, relative to the rotor, to be fixed by screws, keys, 
pins, or other positive location mechanisms. The four 
magnet carrier container sides are preferably made of 
non-ferromagnetic materials. The container base and 
cover penetrated by the magnetic flux may be ferromag- 
netic or non-ferromagnetic, depending on the overall 
magnetic design. ^ 

In another embodiment of the present invention, a 
magnetic carrier assembly similar to the foregoing fur- 
ther includes apparatus on the sides of the carrier pen- 
etrated by the principal flux for augmentation of heat 
transfer. The surfaces penetrated by the magnetic flux 
may also incorporate features for the attachment of 
replaceable components which are non-ferromagnetic, 
ferromagnetic, or a combination of both magnetic types 
of material for the purpose of modifying the magnetic 
performance of the machine. 

In another embodiment, counterbored holes are 
provided in flanges on the magnet carrier assembly for 
receiving screws therethrough which are screwed into 
threaded holes in the rim of the axial field disc rotor. The 
truncated end region of the magnet carrier assembly 
includes a wedge shaped locating tab co-extensive with 
the base and which tab is compfementarily received in a 
slot in the radially innermost wall of the recess formed in 
an axial disc rotor to locate and hold the truncated end 



region of the magnet carrier assembly. A longitudinally 
extending key is formed on the outwardly facing base 
surface and is received in a mating groove in the surface 
of the recess in the axial disc rotor when the magnet 

5 carrier assembly is in plac . The key is used to fixedly 
locate the carrier and transfer to the rotor the net elec- 
tromagnetic shear force developed by the high-energy- 
product permanent magnet carried within the magnet 
carrier assembly. The high energy product permanent 

io magnet is installed in the magnet carrier container with 
the magnet material in an wmagnetized state. The 
open top of the container is closed by a cover attached 
to the side walls and to the upper and lower transverse 
walls of the carrier, for example, by welding. The mag- 

is net may thereafter be handled safely during both mag- 
netization and installation into the motor. 

In another embodiment of the present invention, the 
rotor comprises an approximately cylindrical body hav- 
ing a plurality of phase poles configured along a cylindri- 

20 cal rotor surface with one of the magnet carrier 
assemblies located at each pole location. Also included 
are retainer elements for fixedly positioning individual 
magnet carrier assemblies relative to one another and 
relative to the rota and for providing the necessary 

25 strength to resist operational and environmental forces. 
At high speeds, it is desirable to eliminate stress con- 
centrations from the rotor element which receives the 
magnet centrifugal forces. In this embodiment the cen- 
trifugal forces are carried by a drum. The relative posi- 

30 tions of the magnets are assured by components whose 
own centrifugal forces are carried by the rotor drum. 

In still another embodiment, the magnet carrier 
assemblies are located in part by a cup member which 
is received by an inner surface of the rotor and which, 

35 itself, is held in position by a retainer. In certain other 
embodiments, each carrier assembly further comprises 
a hook adapted to be received at an end rim surface of 
the rotor. 

In yet another embodiment, an electric machine 
40 employing at least one high-energy-product permanent 
magnet is disclosed, and includes a rotor having a plu- 
rality of poles located along the rotor; stator cooperating 
with and adjacent to the rotor; apparatus for supporting 
the rotor and the stator for relative rotation between the 
46 rotor and the stator. There is a carrier for receiving a 
high-energy-product permanent magnet and attach- 
ment mechanism for releasably positioning the carrier 
on the rotor at a pole location to immobilize a magnet 
received in the carrier relative to the rotor; wherein the 
so carrier and the attachment mechanism provide a mag- 
netic flux path between a magnet received in the carrier 
and the rotor when the carrier is positioned on the rotor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Other features and advantages of the present 
invention will become readily apparent from the follow- 
ing written description and drawings wherein: 
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Fig. 1 is a partially cut away, schematic representa- 
tion of a high horsepower axial disc electric 
machine of the prior art. 

Fig. 2 is a partially cut away, schematic representa- s 
tion of an axial field disc electric machine showing a 
magnet carrier assembly embodying the present 
invention attached to a rotor at each pole. 

Fig. 2A is a partially cut away, schematic represen- 10 
tation of an alternative axial field disc electric 
machine provided in accordance with the present 
invention. 

Fig. 2B is a schematic representation of a portion of is 
a rotor found in the axial field disc electric machine 
of Fig. 2A. 

Fig. 3 is a radial view of the magnet carrier assem- 
bly showing the locating and mounting tabs that are so 
mated with other mounting tabs in certain embodi- 
ments of the present invention and which are 
screwed to the rim of the axial disc rotor for releas- 
able attachment of the magnet carrier assembly to 
the rotor. 2s 

Fig. 4 is a side view of a present magnet carrier 
assembly showing a longitudinally extending key 
along the outwardly facing surface of the base and 
a wedge shaped locating tab projecting from the 30 
end disposed opposite the rim locating and mount- 
ing tabs. 

Fig. 5 is an exploded view of the magnet carrier 
assembly of Fig. 4 showing the open top container, ss 
high-energy-product permanent magnet, and cover 
in one possible arrangement of the components to 
form the completed magnet carrier assembly. 

Fig. 6 is an exploded schematic illustration of a pfcr- 40 
tion of an axial rotor and opposed permanent mag- 
net carrier assemblies of a first alternative 
embodiment of the present invention. 

Fig. 7 is a detailed schematic illustration of opposed 4$ 
symmetric magnet carrier assemblies affixed to the 
rotor rim in the embodiment of Fig. 6. 

Fig. 8 is a simplified schematic illustration of two 
pairs of opposed magnet carriers of the embodi- so 
mentof Fig. 6. 

Fig 9 is a sectioned illustration of another alterna- 
tive embodiment of an electric machine provided in 
accordance with the present invention character- ss 
ized by a drum rotor. 

Fig. 10 is an end view of the electric machine of Rg. 
9 showing a port for magnet carrier assembly inser- 



tion and removal. 

Fig. 11 is an axially sectioned illustration of a por- 
tion of the drum rotor assembly of the electric 
machine of Fig. 9. 

Rg. 12 is a simplified schematic illustration of a 
retainer and cup member with one magnet carrier 
assembly as used with the electric machine of Rg. 
9. 

Rg. 13 is a further sectioned view of a magnet car- 
rier assembly and a portion of the rotor assembly of 

Rg. 9. 

Rg. 13A is a enlarged view of a portion of the inter- 
face between the magnet carrier assembly and the 
rotor assembly shown in Fig. 13. 

Rg. 136 is a more detailed view of the rotor portion 
shown in Rg. 13 A. 

Rg. 13C is a simplified schematic illustration of an 
alternative magnet carrier assembly cover having 
enhanced cooling. 

Rg. 14 is a side view of a magnet carrier assembly 
of the electric machine of Rg. 9. 

Rg. 15 is a radial view of a magnet carrier assembly 
of the electric machine of Rg. 9. 

Rg. 16 is an axial section view of a magnet carrier 
assembly of the electric machine of Rg. 9. 

Rg. 17 is an axial view of the magnet carrier 
assembly showing a rotor retention hook, balance 
weights and threaded holes tor attachment of an 
extraction tool. 

Rg. 18 is a simplified axial section illustration 
through a portion of a drum rotor assembly of Rg. 
13. 

Rg. 19 is a simplified axial section illustration 
through a portion of a drum rotor assembly of an 
alternative embodiment of the machine shown in 
Rg.9. 

Rg. 20 is a simplified schematic illustration of an 
apparatus for the insertion and removal of magnet 
carrier assemblies provided in accordance with the 
present invention. 

Rg. 21 is a simplified schematic illustration of the 
apparatus of Rg. 20 as mounted on an axial field 
disc rotor electric machine of the present type. 

Rg. 22 is a simplified schematic illustration of a 
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ke per box as provided in accordance with the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Turning now to the drawings and considering the 
invention in further detail, a high horsepower, high per- 
formance electric machine of the type with which the 
present invention may be practiced is shown somewhat 
schematically in Fig. 1 as a motor generally designated 10 
10 and partially cut away to reveal an axial field disc 
rotor 14. Typically, such a high horsepower, high per- 
formance electric machine may develop several thou- 
sand horsepower and requires high intensity magnetic 
fields for its operation. The axial disc electric machine is 
10 illustrated is conventional in the sense that the mag- 
nets 12,12 forming the poles of the electric machine are 
mounted in a conventional and well known manner in 
the radial plane of the rotor 14. Although the electric 
machine 10 of Fig. 1 is illustrated as one having an axial 20 
disc rotor 14, it will be understood that the present 
invention can also be practiced with an electric machine 
having a drum type rotor as detailed hereinafter. 

Turning now to Fig. 2, the axial field disc rotor motor 
illustrated therein is seen to be similar to the axial disc 25 
rotor motor of Fig. 1 . The axial disc rotor motor of Fig. 2 
is generally designated 20 and includes an axial disc 
rotor generally designated 22. The face 24 of the axial 
disc rotor 22 is formed with a plurality of radially 
inwardly extending wedge or trapezoidal shaped 30 
recesses 26 circumaxially and equidistantiy spaced 
from one another about the outer peripheral circumfer- 
ence or rim 28 of the rotor 22. Each recess 26 has a size 
and shape as will be explained in further detail below to 
receive a magnet carrier assembly generally desig- 35 
nated 30. The magnet carrier assembly 30 carries and 
provides support for the high-energy-product perma- 
nent magnet and provides a means of releasable 
attachment to the axial disc rotor. The motor 20 is char- 
acterized by a plurality of dividers 21 between the 40 
recesses 26. The dividers are made from a nonferro- 
magnetic material. 

An alternative embodiment of the present invention 
is shown schematically in Figs. 2A and 2B. A dividerless 
V axial disc rotor motor 200 is configured in a manner sim- 45 

ilar to the motor of Fig. 2. However, in lieu of the pockets 
created by the dividers, the motor 200 includes a plural- 
ity of radial key slots 202 circumaxially and equidistantiy 
spaced from one another about rotor 204. Each slot is 
designed to receive a corresponding key on a magnet so 
carrier assembly. As seen in Figs. 2A and 2B, the slots 
extend outward to the outer perimeter surface or rim 
206 of the rotor 204. The slot and key configuration 
obviates the need for additional structure because there 
is sufficient strength to fixedly locate the magnet carrier ss 
assemblies. The outer perimeter surface of rotor 204 is 
characterized by a plurality of flats 208 adapted to 
receive mounting flanges of the magnet carrier assem- 
blies, as detailed hereinafter. 



Turning now t Figs. 3-5, a magnet carrier assem- 
bly 30 embodying the present invention is discussed in 
further detail. The magn t carrier assembly 30 includes 
a container 32 having a wedge or trapezoidal shaped 
base or bottom 34 having a lower or outwardly facing 
substantially flat surfac 54 and an inner surface 56 and 
oppositely disposed upwardly extending sidewalls 36, 
38 extending upwardly from the base 34. An upwardly 
extending wall 40 extends transversely between the 
walls 36, 38 connecting the walls and the base and is 
located at the inner end 37 of the container 32. A mount- 
ing flange 41 is disposed opposite the wall 40 and 
includes a main upper portion 42 which extends trans- 
versely between the walls 36 and 38 to complete the 
container 32. 

The lower portion 43 of the mounting flange has two 
rectangularly shaped tabs or ears 44, 46 extending sub- 
stantially perpendicular to the plane of the base 34. The 
tabs 44, 46 have count erbored holes 48, 50 in some 
embodiments to receive machine screws which pass 
through the holes and are screwed into threaded bores 
in the rotor rim such as bores 45, 47 shown in Fig. 2B. 
In some embodiments of the present invention, the 
holes in the mounting flange need not be counterbored. 
The threaded bores in the rim are in registry with the 
holes 48,50 when the magnet carrier assembly 30 is 
attached by the mounting flange 41 to the rim. The tabs 
44. 46 are also sized and shaped to be received within 
corresponding tabs on an opposed magnet carrier 
assembly in those embodiments in which magnet car- 
rier assemblies are positioned on both sides of the rotor, 
as detailed hereinafter. 

When used with rotors of the type shown in Fig. 2A, 
the base 34 also includes a longitudinally extending key 
52 formed on the outer surface 54 of the base 34. Sur- 
face 54 is in lacing relationship with radial surface 60 of 
the axial disc rotor 204 when the magnet carrier assem- 
bly 30 is in its mounted or attached position. The key 52 
is complementarily received within a radially extending 
mating groove or slot 202 formed in the surface 60 of 
the axial disc rotor 204. The function of the key 52 
received within the mating groove 202 when the magnet 
carrier assembly is attached to the axial disc rotor is to 
accurately locate the magnet carrier assembly. This 
allows for safe, controlled installation and removal of the 
magnet earner assemblies and lowers the stress 
imparted to the mounting flanges. Additionally, the key 
is strong enough to transfer to the axial disc rotor the 
electromagnetic shear force developed by the high- 
energy-product permanent magnet carried within the 
magnet carrier assembly. 

The magnet carrier assembly 30 further includes a 
wedge shaped locating tab 62 which is coextensive with 
the base 34 and projects therefrom beyond the wall 40. 
The tab 62 is received by slot 64. The tab 62 functions 
to locate the magnet carrier assembly 30 against the 
rotor surface 60. The magnet carrier assembly is 
located on the rotor disc rim flat 208 by flange surface 
66. The installation is completed when the mounting 
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screws, which pass through the holes 48, 50, respec- 
tively, are screwed into the threaded holes 45. 47 in the 
rim 206 thereby attaching the magnet carrier assembly 
to the axial disc rotor. The magnet carrier assembly 30 
is easily detached from the axial disc rotor by reversing 5 
the mounting sequence. The base 34 of the magnet car- 
rier assembly 30 is preferably made of steel or other 
suitable ferromagnetic material for transmitting the max- 
imum magnetic flux into the rotor disc. The sidewalls 36, 
38. 40 and 42 may be either metallic or non-metallic but to 
are preferably non-ferromagnetic. 

As illustrated in Fig. 5, a high-energy-product per- 
manent magnet 68 having a size and shape corre- 
sponding generally to the interior 33 of container 32 is 
received therein. The magnet in the embodiment shown 75 
in Fig. 5 is of unitary construction. However, those 
skilled in the art will note that other alternative designs 
for the magnet are contemplated by the present inven- 
tion, including an array of permanent magnet elements 
sometimes referred to as magnet modules received in 20 
the earner subsequently magnetized in a conventional 
manner and separated by shock absorbing material 
such as silicone rubber. In addition, the magnet con- 
struction can be of a laminate design, as is known in the 
art. 25 

A cover generally designated 70 is then placed over 
the magnet 68 to close container 32 and hold the mag- 
net therein. The cover 70 may take a number of different 
forms and although illustrated as a rigid piece in Fig. 5, 
the cover 70 may in fact not exist as a separate rigid 30 
part. The cover 70 may be made of fiberglass and epoxy 
and may be molded onto the magnet and the open top 
container to encapsulate the magnet and form the com- 
pleted magnet carrier assembly. 

The purpose of magnet encapsulation is both to 35 
retain and locate the magnet material within the carrier 
and also to prevent corrosion. In the embodiments 
shown, the cover is of a material wefdable to the side- 
walls 36. 38. 40. 42, for example a ferritic or austenitic 
stainless steel cover with austenitic stainless s&el 40 
walls. The cover is attached by a welding process char- 
acterized by very localized heat deposition, such as 
electron beam or TIG fusion welding. 

A B-stage pre-impregnated glass cloth may alterna- 
tively be used to form the fberglass and epoxy cover as as 
illustrated in Fig. 5. It may also be desirable to add spac- 
ers 72 along the inner surfaces of the walls 36, 38. 40, 
42 as necessary to insure a snug fit of the magnet in 
container 32. The spacers not only compensate for tol- 
erance differences but also provide additional shock so 
absorption to protect magnet 68. 

In the preferred embodiment of the invention, the 
high-energy-product permanent magnet 68 is installed 
into the magnet carrier while the magnet 68 is in an 
unmagnetized state so that the magnet can be manually ss 
handled without any special precautions. After the mag- 
net is installed into the magnet carrier to form the mag- 
net carrier assembly, the magnet may be magnetized 
and normal precautions for handling a magnet in the 



vicinity of ferromagnetic objects will be observed. How- 
ever, in an instance where the magnet carrier assembly 
containing a magnetized permanent magnet does acci- 
dentally come into contact with a ferromagnetic object, 
the ncapsulation of th permanent magnet within the 
magnet carrier substantially reduces or eliminates any 
possibility that the magnetic material of the permanent 
magnet will be damaged. 

Since each of the permanent magnets forming a 
phase pole of the electric machine is releasably 
attached to the axial field disc rotor, individual magnet 
carrier assemblies can be detached and removed from 
an otherwise completely assembled electric machine. 
The magnet carrier assembly of the present invention 

a motor to be substantially reduced and the complexity 
of assembly is greatly simplified because the ferromag- 
netic parts of the motor may be assembled in their final 
relationship to one another before any of the permanent 
magnets are finally assembled and thus, the parts will 
not have any tendency to be attracted to one another 
during assembly. When the permanent magnets are 
finally installed, they may be installed one at a time thus 
greatly simplifying any magnet installation tools that 
may be required because the magnetic force developed 
is that of only one permanent magnet rather than the 
force developed by the total number of magnets that 
would be normally present during conventional con- 
struction and assembly methods of a conventional elec- 
tric machine. 

A further feature of the magnet carrier assembly of 
the present invention permits the permanent magnets 
used in an electric machine to be removed individuaDy 
for service or for any other reason. One such reason for 
disassembly would be to remagnetize a magnet which 
becomes demagnetized by accident. Such an event 
leading to the demagnetization of a magnet would be for 
example, a fire in a motor and if such an event should 
occur, the required repair can be made to the motor 
directly in the field. The magnet carrier assembly includ- 
ing the magnet can be removed, remagnetized and then 
reinstalled into the motor. The magnet assemblies may 
be shipped to an offsite location where reenergization 
may be done or, alternatively, a magnetizing apparatus 
can be brought directly to the electric machine in the 
field and the reenergization done directly on site. 

Referring now to Figs. 6 - 8, there is shown a sche- 
matic illustration of a portion of an alternative electric 
machine 74 provided in accordance with the present 
invention. The alternative machine is also an axial field 
disc electric motor and is characterized by a central disc 
rotor 76 which, when assembled, contains permanent 
magnets positioned on both sides thereof. The magnets 
are received in symmetric magnet carrier assemblies 
78, 80 to be received on opposite sides of the disc rotor. 
Generally, the carrier assemblies are substantially iden- 
tical to those described hereinabove. Alternatively, the 
electric machine can be configured to have a dividertess 
rotor as shown with respect to Fig. 2B. However, the 
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carrier assemblies are complementary in that mounting 
flanges 82, 84 each have engagement tabs or ears 86. 
88 that are configured so that the tabs f opposed car- 
rier assemblies alternate when received on a rotor disc 
rim surface 94. When assembled, the symmetric carrier 
assemblies are positioned on opposite sides of the cen- 
tral disc in substantial registration. 

in a preferred embodiment, the mounting flange 
and its two rectangularly shaped tabs are configured so 
that each pair of magnet assemblies can be received in 
the rotor cfisc as detailed above. Installation and 
removal can be done independent of any other magnet 
carrier on the disc, including the opposed, symmetric 
carrier assembly. A magnet is positioned in each carrier 
assembly so that the opposed, complementary pairs of 
permanent magnets are magnetized so that the mag- 
netic flux is passed through the disc. In the embodiment 
shown in Figs. 6 - 8, this requires the permanent mag- 
nets to be placed with opposite magnetic poles facing 
towards one another. 

Permanent magnet motors of disk configuration 
can be made in one-sided or two-sided versions. In a 
one-sided configuration, only one of the two disc faces 
has an armature opposite it and only that face need 
have magnets installed. In this case, the rotor disc is 
preferably of ferromagnetic material, and is thick 
enough to carry magnet flux without magnetic satura- 
tion. Figures 2 and 2A imply a one-sided configuration, 
although all the features shown can be duplicated on 
the back side of the disc to make a two-sided motor. In 
the two-sided versions, two armatures are used, one 
facing each side of the cfisc. In this case, the embodi- 
ment illustrated in Figures 6 through 8 is advantageous. 

Two-sided embodiments are preferred for targe 
machines, because the magnetic force attracting the 
rotor to one stator is largely canceled by the oppositely 
directed magnetic force attracting it to the other stator. 
In single-sided configurations, this large thrust force 
must be borne by a thrust bearing. 

Referring now to Fig. 9, there is shown, in section, 
a schematic illustration of an alternative electric 
machine provided by the present invention. The alterna- 
tive electric machine 96 is characterized by a drum rotor 
assembly 98 which extends substantially about the 
outer circumference of the active portion of the 
machine. The rotor assembly 98 is drum shaped and 
includes a radial, centrally extending hub 99 that acts as 
a support and which is integral with a preferably hollow 
rotating shaft 100. The rotating shaft is supported by 
conventional end bearings 101, 102 within the machine 
housing 103. The rotor assembly includes a central cup 
member 104 and an armature assembly 105 on either 
side of a central plane 106. A design having a single cup 
member can be used in an alternative embodiment. The 
electric armature assembly 105 is configured in a 
known manner to be in substantial registration with the 
appropriate portions of the rotor assembly, and be in 
magnetic communication therewith. Each magnet car- 
rier assembly 107 includes a plurality of magnets 138 



(Fig. 15) which may be c nfigured as one or more mag- 
net modules. The magnet carrier assembly 107 is 
located by the cup member 104 which itself is partially 
held in position by a retainer 108 more clearly seen in 

5 Fig. 13. The section view of Fig. 9 also shows several 
conventional components and systems used for cooling 
and transferring electrical power. 

Referring now to Fig. 10, there is shown an end 
view of the machine 96 of Fig. 9. There is a magnet 

w access port 109 located in substantial registration with 
magnet modules as described hereinafter to allow their 
individual installation and removal. The perimeter of the 
port has tapped holes 1 1 0 for attachment of a cover (n t 
shown) which may also be used for attaching any mag- 

is net loading mechanisms needed for safety or other rea- 
sons. 

In Fig. 1 1, there is shown a simplified sectional view 
of the rotor assembly shown in Fig. 9. The rotor assem- 
bly is further comprised of a drum-like cylindrical rotor 

20 body 111 of high strength ferromagnetic alloy which 
receives the magnet module retainer and, ultimately, the 
magnet modules along an inner rotor surface. The 
retainer is affixed by bolts 1 17 screwed to the rotor shaft 
1 00 at a low stress region in the shaft 

25 As shown in Fig. 12, each magnet has a hook 112 
which is seated on a portion of rotor rim 113 to assure 
there is no relative radial motion between the two parts 
if the machine is accelerated laterally when not operat- 
ing such as by shock. There is a separate magnet mod- 

30 ule spacer ring 1 14 at the open end of the rotor cup to 
assist in maintenance of tangential spacing of the mag- 
nets relative to one another. The spacer ring 114 may 
be radially supported by the magnet module hook 1 12 
or the rotor body 111. The spacer ring design incorpo- 

ss rates sufficient compliance so that it does not fail by 
fatigue and sufficient stiffness to perform the relative 
magnet module positioning function. 

Referring now to both Figs. 12 and 13, there is 
schematically shown a portion of the rotor assembly 

40 including the magnet carrier assembly 1 07 and retainer 
of Fig. 1 1 , both in perspective and in section. In Fig. 12, 
the rotor body is partially shown in phantom. The 
retainer is partially self supporting against centrifugal 
loads and partially supported by the rotor body. The cup 

45 member includes radial slots 1 1 5 as shown to allow for 
circumferential growth due to centrifugal bands. There 
are a plurality of recesses 116 spaced about cup mem- 
ber outer surface 1 18 to receive magnet carrier assem- 
bly tabs 120 which fix the magnet carrier assembly 

so tangential position and prevent rotation about a radial 
axis. The magnet carrier assemblies 107 are connected 
to the cup member by bolts 122. The bolts or other 
equivalent fasteners are preferably held captive in 
receptacles 124 when detached to prevent hardware 

55 from dropping inside the machine. 

The present rotor assembly also allows for the 
attachment of auxiliary components such as a com- 
bined aerodynamic cover and coolant director 126 with- 
out introducing stress concentrations in the highly 
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stressed rotor body or hub. The magnet carrier assem- 
bly incorporates features for the attachment of an eddy 
current shield 128 on the magnet carrier assembly 
inside face. As shown in Fig. 1 3 A, there is also provision 
for a spacer 130 betwe n the magn t carrier assembly 
outer skin 132 and the rotor body. The spacer may be 
used to change the machine magnetic characteristics. 
This is accomplished by a change of spacer material 
from non-ferromagnetic to ferromagnetic or a combina- 
tion of both materials. Either the eddy current shield 128 
or the spacer 130 may have features to enhance heat 
transfer or allow for coolant flow. The hook 1 12 of the 
magnet carrier assembly 107 has a balance block 134 
which contains many variable balance weights. In a dual 
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tect from breakage due to elastic deformations in a high 
speed motor. 

Figure 17 shows the axial view of a hook balance 
block 134 containing two balance weights 146 and 
tapped holes 148 for module installation or removal 
attachment of assembly tooling. Fig. 18 shows the air 
space 150 between magnet modules which is used for 
tool access for fastening the modules to the retainer. 
The nature of the tangential fit lands is also shown in 
Fig. 18. 

Fig. 19 is a simplified, schematic, axial section illus- 
tration through a portion of another alternative electric 
machine 151 having a drum rotor assembly 152. The 
drum rotor assembly 152 is comprised of a rotor 154 



Some embodiments include aerodynamic covers for the 
balance weights. 

visible in Fig. 13B are semicircular or equivalents 
shaped grooves 171 in spacer 130 that form passages 
for the axial flow of a coolant liquid. Similar features can 
be incorporated in disc machines to accommodate 
radial flow of coolant liquid. In radial flow machines, cen- 
trifugal force is more than adequate to establish flow. In 
an axial flow (radial gap) embodiment, a very modest 
amount of draft (change of radius with axial position) 
provides adequate pressure head to drive flow. 

The magnet carrier assembly can also be modified 
to enhance cooling. Fig. 13C is a simplified schematic 
illustration of a cover 173 alternative to the magnet car- 
rier assembly cover shown in Fig. 5. The area of surface 
177 has been much increased by the provision of cool- 
ing fins 179. These cooling fins project into the air gap 
and thus are exposed to airflow by virtue of the rotor 
motion. The fins lie parallel to the motion of the part, but 
the fins can be placed at an angle. In this configuration, 
they would still provide cooling but would additionally 
pump radial flow in an axial gap machine, thereby 
enhancing not only heat exchange between magnet 
and air, but also corrective replacement of the air thus 
heated. >w 

Figures 14, 15 and 16 show, respectively, tangen- 
tial, radial and axial views of the magnet carrier assem- 
bly 107 with partial cut away views of the internal 
components. The tangential relative position of the 
magnet carrier assembly can be assured by a spacer 
ring as in Fig. 13 or by locating lands 136 which can be 
custom fitted at assembly so that there is a minimal gap 
or slight interference at these lands taken as a full circle 
of magnet carrier assembly installed in the rotor cup 
member. In the preferred embodiment the individual 
magnets or pieces of magnetic materials 138 are cush- 
ioned in the tangential directions by elastic spacers 140 
and radially by a relatively stiff cushion 142 between the 
magnets and the module outer skin. As in the axial disc 
embodiments there may be a plurality of magnet mod- 
ules comprised of a plurality of magnets. The individual 
magnets may be bonded together axially or separated 
by thin cushioning material. The magnets are subdi- 
vided both to minimize eddy current heating and to pro- 
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along both outer and inner rotor surfaces 160,162. The 
alternative drum rotor assembly is similar in several 
respects to the axial .embodiment of the present inven- 
tion shown in Figs. 2 A and 2B, including slots 164 in the 
rotor. There are slots receive keys 166 to hold the mag- 
net carriers in place. The drum rotor shown in Fig, 19 is 
especially useful in low speed applications where the 
magnitude of the centrifugal forces are substantially 
reduced due to the slower rotational speed of operation. 
The rotor may additionally include a plurality of flats 
1 68, 1 70 which are machined into the rotor surface and 
are adapted to receive the magnet carriers. The mag- 
netic circuit configuration for this embodiment would be 
substantially similar to that shown with respect to the 
axial gap embodiments of Figs. 6-8. Consequently, 
parameters such as the rotor thickness can be reduced 
or otherwise adjusted for the same reasons as set forth 
above. 

The value of demountable magnets in permanent 
magnet electric machines is much increased by the abil- 
ity to use a mechanism for installing and removing the 
magnet carrier assemblies individually, without remov- 
ing or disassembling the motor itself. An apparatus in 
accordance with the present invention that performs 
these functions is described with respect to Figs. 20 - 
22. Essentially, the apparatus consists of guide ways 
which control the path of the permanent magnet carrier 
as it is being inserted into or alternatively removed from 
the motor. The apparatus also provides a means of pro- 
pulsion for the magnet, in the form of a lead screw 
device in the preferred embodiment 

It is important that the means of propulsion provide 
both a thrusting force and a resisting force. In the early 
stages of insertion, for example, the magnet can be 
expected to be met with resistance due to friction and 
drag, but as the magnet nears its favored position, that 
is as it gets into the proximity of the iron within the 
motor, it can be drawn into the magnet space. Conse- 
quently, the apparatus at that point is acting as a retard- 
ing mechanism, holding the magnet back. 

The key to a useful magnet insertion/removal appa- 
ratus is to be absolutely certain that, when the magnet 
carrier assembly is in the apparatus, the magnet carrier 
assembly can move in a desired direction and cannot 
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move in any other direction. This concept is fundarn n- 
tal -since magnets, when attracted to ferromagnetic 
objects, are subjected to complex combinations of lat- 
eral forces, toques and moments that are very difficult 
to anticipate in advance. The preferred apparatus pre- s 
eludes motion in any direction except the direction 
intended. 

Referring now to Fig. 20, there is schematically 
shown a portion of an insertion/removal apparatus 1 72 
that comprises a bottom plate 174. There is a support 10 
mechanism 1 76 which is affixed to the bottom plate and 
extends outwardly therefrom. In the embodiment 
shown, the support mechanism includes a plurality of 
stand-offs or rods 178 attached to the bottom plate. 
Spaced from the bottom plate by the standoffs is a top 15 
plate 180 that has a central opening 182 through which 
is passed an installation bar 183 from a ball screw 
mechanism 184. There is a turntable 186 to allow the 
apparatus to rotate when used with axial disc motors of 
the type shown in Figs. 6-8. Slide 188 is also included in 20 
some embodiments on the top plate which allow for 
slight adjustments in the relative position of the ball 
screw to ensure proper alignment with other apparatus 
components. 

A pushrod 190 is attached to the ball screw by 2s 
means of a coupling device 192 which can be a clevis 
and pin combination in some embodiments or thrust 
driver 1 94 as shown in Fig. 20. There is also a tie rod in 
some applications which, for alignment purposes, 
allows for a slight relative motion between the pushrod 30 
and ball screw. Movement along an insertion/removal 
axis is accomplished via motor 196 and/or handcrank 
assembly 198. Those skilled in the art will note that 
other equivalents to the components enumerated above 
may be substituted in accordance with the requirements ss 
of the application. In addition other safety or control 
apparatus can be included such as beam cutter 220 and 
limit switch 222. 

To initiate removal or insertion, the bottom plate is 
affixed to a motor over a motor access port such^as port 40 
109 shown in Fig. 10. Thereafter the remainder of the 
removal/installation apparatus is constructed in place. 
Alternatively, all or a subset of the above removal/instal- 
lation apparatus components are assembled remote 
from the motor before final installation. In Fig. 21 , the 45 
complete installation/removal apparatus 172 is shown 
installed on electric machine 223. An alignment rod 224 
is initially used in some embodiments to engage and 
align the removal/installation apparatus with the keyway 
or slot in the rotor into which the magnet carrier assem- so 
bty 229 is to be inserted. The rotor slot defines an align- 
ment axis 221 for removal/installation purposes. 

The insertion procedure is begun by placing the 
permanent magnet in the magnet carrier, forming a 
magnet carrier assembly as set forth herein. Thereafter, ss 
the magnet carrier assembly is placed within a keeper 
box 225 shown with respect to Fig. 22 which is located 
remote from the motor. The keeper box is characterized 
by a cover 226 and base 228 which enclose the magnet 



carrier assembly within the keeper box for transport pur- 
poses, but are removed once in position in the installa- 
tion/removal apparatus. In Fig. 21 , the keeper box is n t 
shown around magnet carrier assembly 229. 

The attraction strength of a permanent magnet to 
another permanent magnet or to a ferromagnetic object 
falls off rapidly with increasing distance from the mag- 
net. As a magnet gets very close to a large iron object, 
the force becomes very strong. Generally, the attractive 
force of the magnet is still very weak at a distance on 
the order of the dimension of the magnet. Therefore, the 
carrier or "keeper" box in which the magnet is brought 
into the work area has dimensions that are on the order 
of the magnet and are thick enough to preclude the gen- 
eration of a strong attractive force. The magnet carrier 
box may also include a ferromagnetic path closed within 
itself, in which case, the magnetic forces outside the box 
are very weak. In any event, the magnet box comprises 
a means whereby the magnet may be safely handled as 
long as it is in the box. 

The preferred keeper box has a ferromagnetic ele- 
ment in it to return the flux around the magnet. In this 
embodiment of the keeper box, the magnet is naturally 
retained within the box by it's own ferromagnetic attrac- 
tion to the walls of the box and requires positive force to 
drive the magnet from the box. In an alternative embod- 
iment without a ferromagnetic element, only physical 
separation prevents the magnet from coming into dose 
proximity to ferromagnetic objects or another magnet. 
There is no natural tendency for the forces due to the 
magnetic fields to keep the magnet assembly within 
keeper box. In this case, it is necessary to incorporate a 
mechanical fixture, for example a slide and lock, across 
the bottom of the keeper box to prevent the magnet from 
falling or being drawn out of the keeper box by external 
ferromagnetic forces prior to the attachment of the 
pushrod. 

The keeper box is located in registration with the 
motor inspection port over a central opening 227 in the 
bottom plate. Pins or other alignment fixtures not shown 
in the Figures align the keeper box with the insertion fix- 
ture. Clamps 230, 232 engage box tabs 234, 236 to hold 
the keeper box in place. The keeper box cover and base 
are removed, and the pushrod is placed in registration 
with the magnet carrier assembly. Bolts 240, 242 extend 
through the pushrod and are received in the corre- 
sponding threaded bores in the magnet carrier assem- 
bly in the prefened embodiment. Thereafter, the ball 
screw is attached by means of the clevis and pin or an 
equivalent combination to the pushrod-magnet carrier 
assembly. 

The pushrod-magnet carrier assembly is inserted, 
lowered into the motor so that the tab on the magnet 
carrier assembly is engaged in the corresponding slot or 
groove in the rotor surface, with the last little adjustment 
to bring it into final position being done by hand. The ball 
screw is disconnected by removing the clevis pin and, 
the pushrod is detached by removing the bolts which 
had attached it to the magnet carrier assembly. The 
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keeper box is thereafter removed. Th keeper box is 
undamped and removed from the work area and the 
b Its which finally secure the magnet carrier assembly 
to the rotor rim are inserted and screwed into place. The 
magnet carrier removal procedure is essentially the 
reverse of that described above. The installa- 
tion/removal assembly can be rotated to access magnet 
carrier assemblies on the opposed surface of the rotor. 

In some embodiments, the installation/removal 
apparatus has a tongue which extends into the air gap 
of the motor, preventing the magnet when it is passing 
through this area from diverting from it's intended 
course and moving towards the ferromagnetic stator. 
The white box extending from the insertion fixture below 
the bottom ,plate.,is a guide which causes, the ,magnet 
carrier assembly to move in exactly the intended direc- 
tion as it spans the distance that it must travel from the 
outside of the motor case to the point where the key on 
the magnet carrier assembly begins to engage the key- 
way on the rotor. 

Although the invention has been shown and 
described with respect to a preferred embodiment 
thereof, it should be understood by those skilled in the 
art that various other changes, omissions and additions 
thereto may be made therein without departing from the 
spirit and scope of the present invention. For example, 
an installation/removal apparatus similar to the axial 
field disc embodiment may be readily configured for use 
with drum rotor machines of the present type. 

Claims 

1 . Apparatus for mounting a high-energy-product per- 
manent magnet to a rotor of an electric machine, 
said apparatus comprising: 

carrier means for receiving a high-energy-prod- 
uct permanent magnet; and 
attachment means for releasably positioning 
said carrier means on the rotor at a rotor pole 
location to position a magnet received in said 
carrier means relative to the rotor; 
wherein said carrier means and said attach- 
ment means provide a magnetic flux path 
between a magnet received in said carrier 
means and the rotor when said carrier means 
is positioned on the rotor. 



4. An electric machine employing at least one high- 
energy-product permanent magnet, comprising: 

a rotor having a plurality of poles located along 
5 said rotor; 

stator means cooperating with and adjacent to 
said rotor; 

means for supporting said rotor and said stator 
for relative rotation between said rotor and said 

10 stator; 

carrier means for receiving a high-energy-prod- 
uct permanent magnet; and 
attachment means for releasably positioning 
said carrier means on the rotor at a pole loca- 

75 tion to position a^magnet received in said car- 

rier means relative to the rotor; 
wherein said carrier means and said attach- 
ment means provide a magnetic flux path 
between a magnet received in said carrier 

20 means and the rotor when said carrier means 

is positioned on the rotor. 

5. In an electric machine, a method of installation of a 
magnet carrier means containing a high-energy- 

25 product permanent magnet, the electric machine 
inducing a rotor; an access port for providing 
access to the rotor; a stator means cooperating 
with and adjacent to the rotor; a means for support- 
ing the rotor and the stator for relative rotation ther- 

30 ebetween; and an attachment means for releasably 
positioning the magnet carrier means on the rotor 
at a one of a plurality of rotor poles wherein the 
magnet carrier means and the attachment means 
provide a magnetic flux path between a magnet 

35 received in the magnet carrier means and the rotor 
when the magnet carrier means is positioned on 
the rotor; the method comprising the steps of: 

positioning said magnet carrier means in regis- 
40 tration with said access port; 

constraining said magnet carrier means to 
movement only along an installation/removal 
axis; and 

providing force to said magnet carrier means to 
45 effect movement only at a predetermined mag- 

nitude and direction along said installa- 
tion/removal axis. 



2. Apparatus as defined in claim 1 wherein the rotor of 
the electric machine is an axial field disc rotor hav- so 
ing a plurality of poles wherein a carrier means is 
located at each magnetic pole location. 

3. Apparatus as defined in claim 1 wherein said rotor 
further comprises a cylindrical rotor assembly hav- ss 
ing a plurality of magnetic poles configured along a 
cylindrical rotor surface with one of said carrier 
means located at each pole location. 



6. In an electric machine, an apparatus for the instal- 
lation of a magnet carrier means containing a high- 
energy-product permanent magnet, the electric 
machine including a rotor; an access port for pro- 
viding access to the rotor; a stator means cooperat- 
ing with and adjacent to the rotor; a means for 
supporting the rotor and the stator for relative rota- 
ti n therebetween; and an attachment means for 
releasably positioning the magnet carrier means on 
the rotor at a one of a plurality of rotor poles 
wherein the magnet carrier means and the attach- 
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ment means provid a magnetic flux path between 
a magnet received in the magnet carrier means and 
the rotor when the magnet carrier means is posi- 
tioned on the rotor; the apparatus comprising: 

5 

a means for positioning said magnet carrier 
means in registration with said access port; 
a means for constraining said magnet carrier 
means to movement only along an installa- 
tion/removal axis; and io 
a means for providing force to said magnet car- 
rier means to effect movement only at a prede- 
termined magnitude and direction along said 
installation/removal axis. 

15 

The apparatus of claim 6 wherein said constraining 
means further comprises: 

a base plate adapted to be received at said 
access port; 20 
a standoff apparatus received by said base 
plate and extending outwardly therefrom; and 
a top plate affixed to said standoff apparatus, 
said base plate, standoff apparatus and top 
plate respectively having central openings in 25 
registration along said installation/removal 
axis. 

The apparatus of claim 7 wherein said positioning 
means further comprises: 30 

a ball screw means received by said top plate 
and having a pushrod extencfing towards said 
base plate in said central opening, said ball 
screw means for urging said pushrod along the 35 
installation/removal axis; and 
a coupling means for releasably engaging said 
magnet carrier attachment means with said 
pushrod. 
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(54) Detachable magnet carrier for permanent magnet motor 

(57) A magnet carrier assembly for holding and car- 
rying a high-energy-product permanent magnet is 
arranged for releasable attachment to a rotor of an axial 
disc or drum type rotor in an electric machine. The per- 
manent magnet placed in a container which then 
receives a cover. The magnet carrier assembly includes 
a mounting flange at one end and a locating and mount- 
ing tab at an opposite end for attaching the assembly to 
the rotor. In certain applications, the rotor has recesses 
which have a size and shape complementary to the size 
and shape of the magnet carrier assembly. The 
recesses are circumaxially located around the radial 
periphery of the rotor at the poles of the rotor. In other 
embodiments, the magnet carrier assembly includes a 
key which is received in a mating groove in a rotor sur- 
face and is used to transfer to the rotor the electromag- 
netic shear force developed by the high-energy-product 
permanent magnet The present magnet carrier assem- 
bly can be used with both axial field disc or radial field 
drum rotors. The present invention also contemplates a 
method and apparatus for removing and installing mag- 
net carrier assemblies in electric machines. 
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